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\IISTH SeT Our ob j ective in this prospective study was to detc'rniine the natural course of Bowel/a
(1/iorIiIs nilection ill cohorts of .sernpositive and seronegative, I'einale bison (Bison bison) and their
offspniig in Yellowstone National Park (YNP) for 5 yr. \Ve collected specimens froni 53 adult
females and 25 calves at least once and from 45 adults and 22 calves more than once Annual
seroconversion rates (negative to positive) were relatively high (23% for calves and juvenile bison,
6% in the total sample of'adult female bison in our study. and 11% in the adult females that began
the study as seronegatives). Antibody was riot protective against infection, even for calves that
passively received antibod y from an infected mother's colostrum. Antibod y levels stayed
remarkably constant, with only a slow decline over time. We found onl y two seroconversions
from a weak positive status to negative. Infected bison aborted and shed viable bacteria. Risk of
shedding infective Bnwella was highest fer bison in the 2 yr following seroc'omlversioil f'roni
Ilegat ive to positive. In one bison, we detected shedding fer 3 yr fello'ing seroconversion.
Regardless of serostatims of danis and neonates, most calves were seronegative by 5 mo of age.
There was no relationship between the antibody status of the dam and the tendency of a calf to
seroconvert to positive during the duration of' the study.

Key words': Bison bison, Bovidae, Bruce/la abortus, brucellosis, epidemiology, serology,
Yellowstone National Park.

INTRODUCTION

The significance of' brucellosis infection
(Brucella abortus) in bison (Bison bison)
of the Greater Yellowstone Area (GYA)
and the risk bison pose for transimssion of
brmmccllosis to livestock is controversial and
debated. The first evidence of brt]cellosis
in bison of the GYA was found in 1917 in
the introduced herd kept at the Buffalo
Ranch in the Lamar Valley in Yellowstone
National Park (YNP; Mohler, 1917). Abor-
tions were noted in two bison cows and
agglutination tests showed the aborting
anitiials had antibody to B. abortus.
Between that observation and 1992 (Che-
ville, 1998), no britcellosis-confirmed

abortions were reported fi'oni YN P bison.
This hiatus in confirmation of' britcellosis-
related abortion led some to believe that
the infection no longer produced abor-
tions in YNP bison, and therefore, bison
posed little, if any, risk of transmission to
cattle herds on land adjacent to YNP
(Meyer and Meagher, 1995). Numerous
studies of animals going to slaughter, bison
being translocateci to other properties,
animals killed as population management
actions, and bison tised in brticellosis
vaccination trials conducted by the I)e-
partment of Interior in the 1940s con-
firmed the presence of' brucellosis anti-
bodies in the herd (Meagher, 1973;
Cheville et al.. 1998). Results of these
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studies were sonle\vhat varied, but today,
the herd is generally considered to have an
antibody prevalence of appi'oxi inatclv
50%.

There is conti] nied evidence indicating
that brucellosis still induces abortion in
this bison population and could pose it risk
of transmission to susceptible animals.
Hush (1932) observed abortions in the
YNP herd and suspected brucellosis as the
etiology based oil 	 findings of
Bn.icella antibodies ill (53%) of' 110
l)iSOfl sampled. Culture studies in 1985
and 1991-92 resulted in isolation of B.
ahortus from 6 (7%) of 88 and 26 (12%) of
218 YNP bison, respectively (Cheville et
al., 1998). In it more rigorous study,
conducted between 1995 and 1999, B.
abortus was isolated from tissues from 12
(46%) of' 26 seropositive bison from YN P
(Hoffe et al. 1999). Between 1992 and
1999, before and concurrent with the work
reported here, six cases of' abortion or
neonatal death from B. abortus biovar I
iiifectioii were confirmed ill YNP bison
(lIbyan et al., 1994, 2001).

'I'll(, purpose of this study was to
determine the natural course of' B. aI)orlu.s
infection in a cohort of seronegative an(l
seropositive, free-ranging, adult,ft'niale
bison and their offspring for 5 yr. Survival
and reproductive rates related to antibody
status and age f'roni this study have already
beeii reported (Fuller et al. 2006). IIr,'re,
we report the natural course of B. ahorlus
infection in YNP bison, based oil
serology and culture,  and the reproductive
outcomes of seroconverting leiiiale bison.

MATERIALS AND METHODS

Animal selection and sampling

We conducted I vi' of ' pi h t work to perfect
methodologies, colnmencing October 1995
and concluding field operations ill
2001.  All field work was conducted ill 	 P
(44 S'N to 45 7N, 11(1 O'W to Ill 4'\V). Ii
the bill (generally October), adult, b-'tnale
bison ill d condition \vere random 1v
selected fbr capture by chemical innnobiliza-
tion using carftitanil (range 3.3-6.0 nig) and
xylazine (range 30-70 nig) delivered by 2-tid

dart (Pneu-Dart, Williamsport, l'elinsvlvania
USA) mid antagonized with italtrt'xniie (rang(.
400-850 tug) and tolazohine (ran( re 100 -
1,000  tug) or vohinibine (range 45-60 mg) in
band injection, \Ve determined age of animals
by nicisor eruption and wear ( Fuller, 1959:
1)iiniiiiek and Pelton, 1996) and collected
samples of hiepari uzed and whole blood, milk
(if' present), leee.s, and cervical and oral swabs.
I Iepai'inized blood was inni ediatclv ceiitri-
I iged. and plasma was tests xl fur antibodit '.s to
B. alio,im,s liv the standard card test (Ation y

-itious, 1965b), while the animal was iiiinobi-
lii.ed. Pregnancy status was determined by
rectal palpation am d ii ltrasoi i Ogl'it})l r ( NI odd
SSI)-500V: Akx'a, Inkvo, Japan I. We also later
smilunitted serum lot' l:dnn'atnrv assay of
pregnancy-specific protein If ( f'SPI3: I laighi
et it]., 1991). For the study, we wanted onl\
pregnant bison with about all unnihem' oh
seropositive/smi.spcct and serooegative bison, in
similar age distributions. While imnmnnbihized.
the bison was accepted or re j ected for the
study based oil status (as determined
by the card test) and ptx'(ymtam'y status (as
determined by rectal palpation and iiltrasn-
in >grapi;v) Bach accepted animal was tagged
with it Iligh Frequency (VII F) or it
Global Positioning Satellite (GPS)—containing
\11F radiocollar (Anne et allOYS) and it
mltmt(Immelv numbered, small, metal ear tag. We
late]' confim'nied serologic status in the labnra-
tnrv mmsmmmg multiple serologic tests (see
oratory Frnee(Iu res" below) and ''Ummiftirmn
Methods and Em It's" criteria (US I)i 200:3).
Pregnancy status was confirmed using coin-
hi ne I pal patio] i . PS PB levi 'I, tticl nIt rason >g-
m'aphlv. lit the rare instance of a discrepancy in
pi'd'gliau'y test results, an umltrasomingraphie
image of' \i,11)1(' fetus was regarded as positive.
Ill mnannc'r, we classified 26 bison as
pregnantlseropositive and 27 as pregumaiit/
set'omlegati ye,

We recaptured radiocollam'ed bison ill w'iritei'
February and MUM-])) and the subsequent bill

(usually October) of"citch year, either through
cheuiiical iitimnohilizatiomi ot' by net gill; fired
fi'omn it helicopter, with sumhsei 1 mmeuit htnhhhiuig,
and collected the same suite of' s:tmnples. I'm)]'
study bison that produced offspring. we
(':tpttlt'ed tunic offspring on the smite schedule
as the original adult females.

For winter captures. wi detcruniicd pug-
italic" , status ill the Field by rectal palpation,
latcu' comm f'i rined with it lSPl3 assay, We
implanted pregnant annuals with vaginal
tm',ntstnitters (Advanced Teleimuetm'v Systems,
Inc., Isanti, Minnesota. USA), each emitting
it ('omitmimous radio signal of it radio
f're( 1 iuencv or rhythm (double pulse) at it rate of'
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appl'()xiii1ate1 60 signals/iniii. The vaginal
transmitters \vere prograitimned to decrease
the rate ol signal ti'ansniissioii will'!] nu)tion-
less for moore than 4 11 1-. ,\lteriittivelv, some
transmitters were progrannmied to decrease the
rate of signal transniissiomi when the device's
temperature dropped below 30 ( A de-
creased signal mate created hv an expelled
vaginal tranSiiiittem' was, therefore, It presumop-
tive indication of parturition or abortion.
Following expulsion, the vaginal transmitters
were located, asept teal lv collected, and later,
cmiltmircd for Brmicellae. Additioiiallv, we exam'- -
med the site for es i(leiicc of Parturition or
d)Ortmon (tissues or (hiiids) and collected any
observed material ( mia'lmidim ig apparently eon-
tamnimiated soil or vegetation) hir culture and, if'
tissm Ic WS collected, histopat]iolo'.

\Vhen we detected it rate of signal
fm'oiri it vaginal transmitter, we macic ever',
effort to find the transmitter and visually
observe tile ('Ow and any acconipanvimi( T calf.
I)uring the period f'm'oin March throngli June
('ac-i I year, pro j ( ct pc'rsom1el monitored am iii nal
mnovcnients and vaginal transmitter signals
(lailv. Within 5 cm's of parturition, we
immobilized the cow and collected samples
as ill bill and wiliter. We attempted to capture
an ' accom npanvm ng ( ,all ' and collected speci -
memis (h,'ces, oral, and ocmi1ii' swabs) ftr
culture oud blood for cnittimc amid serologic
testing. We placed only it metal ear tag on
newhoi-ii calves niiiil tl e following dl Or
\vimitei' when, if captnred, they were fitted with
a \l II' radiocollar. I)nring the spring and
smlillmnei', field Personnel observed racimomnstrim-
inented cows fr the iii''s'ii'' of ' a sncklmng
calf'at their side. \\lleil bison were captured in
the fall, we detci'iiiimied prc'g lit] ley Liii]! LlIiti
bod' statos as above but did not j)lace vagrillal
traiismnmtters mu) putativel y pregnant bison.

Laboratory procedures

"'c froze sailu pies of hepari ml ized blood.
mill,, and swabs placed ill W110 media
N ati onal Vetei'i n am-v Services I ,al mc o'atones
NVSLJ, Ames, Iowa, USA) oil 	 ice each

evening and kept the specimens oil ice or
ill it —70 f'reezem' nntii shipment to the NVSL
for culture, using the methods of ' Alton et al.
(1988). We eentm'i f'miged whole-blood spec]-
Illells and collected, ahic1mmoted, and shipped
sera to N\'SI for LI 11LWl of' nine serologic
tests: standard card, standard plate (SPT),
standard tohe (STT; Anonvinons, 1965a),
m'ivoiol, hUffi'ed acidified plate antigen
I3APA: Au ioi vu IlOmis, 19651)),  complement

fixation (CI; Anonymous, 1993), particle
concentrate	 fluorescence	 bii niimnoassa','

(PCFIA: I 1)EXX Laboratories, Westbrook,
Mafia'. USA), rapid antoruated presumptive
test MAN, and it emizvnie-linked
mnlmlumlilosorb('nt assay ( I)-'I'ec, Sviibiotics Cor-
pou'atiomi, Sami IJiego. Califou'mnLI, USA).

Data and statistical analyses

Anmial-veai's foi' each group of ' ani nils was
calculated b' totaling the number of nuuumiths
each animal was ill tile study dl i-st ('aptlmm'e to
last captnre) and dividing by 12. the animal
serocoliversiom) rate k)r it gromip was calcm ilated
by dividing the total iiuniher of ' serm'onvem'-
510115 for the group by the total nnnil me!' of'
animal VeLli'S low the grom 1 1) he., mi n/Il fE r of
positive ,s(rie'On ma'rs'ion.s in (1(111 hi/li 11(11 Oil lliIE'

(loim,ual-years foe (/(/miht.s in study). Methods
likely underestimated the Sem'ocomi c'rsmon rate
ho cause nidi'idnal animals converted bet',vei'ii
captni'es, but we used the total tulle between
tests ill tile (lenomnmilatom' of' anmuiial years,
resniting 111 the denotilimliltOm' being biased
high (upper limit).

A reproductive failure was defimied as it

f'eiriale bison of reproductive age ( 7:-:3 \ ,I-) that
fhiled to bear it live calf or bore a weak ('LII f' thlat
died as it Birth of' it calf was
conf'irioed by observation of ' the calf or
('vichcmlc'e of ' stick—ling at the first capture
following pLIm'tmuu'mtmoil (usuall y May, Julne, July,
or October). By this definition. Ld)ortioo,
i1eouuttal death (pregnant in the hill 01' winter
samulphimig and ilO ','l5nL)l c'vidc'mice of' LI ('LIII or
cvidellce of' stickling at c'aptou'e following
expullsiomu of ' the vagmilal transmitter), or not
hecommlimlg pm'egivant would all be classified as
reproductive fhilm mm - I's -

At each capture, we assigned the sem'ostatus
amid noted changes ill that statuls f 'i'onl previous
captures. We assigmied serocoll m:er/rr status to
those bison who changed a]ltihodv status
between captures (negative to positis e=po.sf_
tim:c S'('l'OC'OO teeter; positive or suispect to
negative = mucgotimc ss'roco/lceetc'r) and Iloilcoil-
ceder if tile antibody status i'enlaimled the
same between two captures. To examine the
relLttmnmlsium1) between gemcler and positive
sei'ocnmlvem'sioul ill offspring. we ilLied a Pearson
('in-square test uI a 2X2 contingency table.
inchmidumig the ililnihem' of positive sem'ocouivei't-
ing calves amid julvemliles b y gen(ler and the
mlii mimet' of' negative ilonsc'm'oconvei'l ii ig of'f'-
spring  by gender. \Vc' also used a Pearson chi-
s(i nium'c' test to assess the influmence of ' the
mother 's antibody status om) the tendency of
offspm'nig to he seropositive at any time ill the
stud y through it 2X2  c-oil ti ngeilcv table
(positive calves ill analysis imlelmided calves
that remained sc'i'opositive or sc'rocon yertcd to
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positive). Interval censoring (only the window
when seroconversion occurred vas known)
and right censoring (death, collar hulure, stltd\'
ends before seroconversion) of the data were
approximately equal across gender and
status of the darn, thus not biasing the
conclusions.

RESULTS

l)iiring the course of the study, we
immobilized 53 adult female bison (27
[51%] seronegative and 26 [49%] sero-
positive or suspect upon initial capture)
and collected specimens from them at
least once. We captured and collected
specimens more than once from 45 (85%)
of the 53 bison. Of these 45 repeat-
capture bison, 28 (56%) had 45 calves
across the years that we were able to
capture and from which we collected
samples at least once (hiring the study.

Seventeen (38%) of the 45 repeat-
captured adults remained seronegative
for their entire study (total 42.5 animal-
years in the study, mean 2.5 yr/anmial); 18
(40%) remained seropositive or suspect
(total 58.6 animal-yr. mean 3.3 yr/animal);
eight (18%) converted from scronegative
to seropositive (total 32,9 animal-yr, mean
4.1 yr/animal); and two (4%) converted
from weak positive or suspect to seroneg-
ative (total 5.7 animal-yr; mean 2.8 yr/
animal). We documented 5.7 positive
seroconversions/lOD animal-yr and 1.4
negative seroconversions/1 00 animal-yr
for the 45 adult bison. Among the 25 cows
(56%) that began the study as seronega-
tives and were monitored more than once,
the annual conversion rate to seropositive
was 11%. Cows converted to seropositive
at all ages (Table 1).

We collected specimens from 45 calves
born to the original cows during the study;
once from 23 of these calves (51%), twice
from 12 calves (27%), and up to ii times
from the remaining 10 (22%). We also
collected one-time samples from two
calves born to female offspring of the
original radiocollared cows. The total time
in the study for the 22 calves captured

more than once was 39.6 yr (mean 1,8 yr/
animal). The first capture and sampling of
the 47 calves in our study occurred as
newborns ( n = 12, 26%), 5 to 6 mo old
(o=34, 72%), and yearlings (n = 1, 2%).

All of the calves born to seronegative
clams and caught as newborns were
seronegative at birth. Most of the new-
horn-caught calves born to seropositive
cows had antibody titers to B. abortus
detected oil or more tests (Table 2).
At 5 mo, however, the majority of calves
were seronegative regardless of their
dams antibody status.

Two calves born to seropositive claiiis
had two or more positive serologic tests
when first captured, either as a newborn
(calf' 898) or at 5 mo of age (calf 812). At
recapture, 5 and 7 mo later, respectively,
these calves were negative oil tests. Calf
880, horn to cow 853, which seroconvert-
ed during or immediately after that calving
season, was seronegative the fhllowing
October and February despite suckling
milk that was culture-positive at both
captures. In contrast, calf 818, born to a
strongly seropositive cow (830), had high
antibody titers to B. ahortus on all tests
when first sampled at 5 moo of age. Four
months later, the calf' remained strongly
seropositive, and whole blood was culture-
positive for B. abortus. This animal
remained seropositive for the entire 4 yr
it was in the study.

Conversion from seronegat.ive to sero-
positive occurred in seven calves (15%)
horn to the radiocollared cows during the
study. An additional two calves (869 and
877; 4%) were positive on one serologic test
only when first caught at 5 immo of age and
were later seropositive on Inul.t11)le tests.
Positive seroconversion occurred in calves
born to both seronegative and seropositive
dams (Table 1). The annual positive sero-
conversion rate for the 22 calves captured
more than once was 23% (nine seroconver-
sions/39.6 animal-yr). For animals born
while in the study, first detection of positive
seroconversion occurred from 5 mo to
33 mo of age but most often occurred
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Tsut,i, 2.	 Serologic ((StillS 111 (.Il\es born lii sir )oslfi\e ((I SIiS I R 'Vl and scjoll('g;th\ C (1,11)15 111(1 ia 1 iliin'il iial
sa!nple(l clueing the stucl.

No. seros)s(tiv(' or Suspect!

	

No. calves siiciipieii 0e)	 No. OI (.115 ('S tl(.it
SeI0(Oi)\ (111(1 negative 0

lilses and hams	 Nesvhoni	 5-6 ill)) of'agv	 positive ssliili' 10 StiI(lV

Calves born to sercmegativc dams (n=20) 	 ((/5 (0)	 2/17 (12)	 61

Calves 1)1)0) to s('ropositive/suspecl <huiis (it 	 577 (71)	 3'1 /20 (15)

()It(- 	 (No. 877) was positive 01) onk the standard plate test (III) calf (No. $84) was strotlglv	 rOih((Si t 151' lift)') ((1(5 Ii)
been seronegative as it

I No. includes calf No. 877 that WS scropositi C on the standard plate test at 5 11)0. of age aiicl was positive oil all serologic
tests 1 yr later.
the two seronegative newborns are calf No. 899, whose dam was only a serologic suspect at the calf's birth, and a calf
that had not suckled at capture because of multiple congenital anomalies.

1 Seropositive calves include No. 818 that IitcI high titers oil 	 tests and was culture-positive 4 ino. later, No. 812
that was positive on particle concentrate fluorescence i ninuitoassav ( P( FIA) oisl' ((liii was negative 7 miii later, and
No. 869 that was positive oil 	 fixation and suspect Inc PCFIA univ but si'rocoovertc'd to positive oil multiple
tests it 2 yr.
No. includes (all No. 869. described in footnote d.

during the second year of life. Six (46%) of
the 13 bull calves/juveniles that were
captured at least twice (21.7 animal-yr,
mean 1.7 yr/animal) seroeOnverte(l, and
three (33%) of the nine females captured
at least twice (17.9 animal- yr. mean 2 yr/
animal) seroc'onverted.

We isolated B. ahortus biovar I from
one or more specimens at one or more
captures from eight bison that serocon-
verted to positive during the study (Ta-
ble I). The time delay between first
detection of seroconversion and the pos-
itive culture varied from immediate to
2.5 yr (cow 844). Specimens from three
additional seropositive aniiitals were also
culture-positive for B. ahortu.s' biovar 1,
including the blond of cow 813 and the
milk of cow 827, both once-caught
bison, and the blood of calf 818 at 9 mo
of age.

The duration of infection detected by
culture of collected specimens varied. We
isolated Bru cello only once from some bison
and up to 3 yr after seroeonversion iii bison
844 (from milk). Our 17 isolates of Brucella
were almost evenly divided among milk
(n6), blood (n=6), and vaginal swabs
(ri=4). Bison 805 was culture-positive in
feces (luring late-stage pregnancy. We

found culture-positive vaginal swabs or
exudates following 'abortion (cow 848), just
before calving (805), and during atll and
winter when not pregnant (6691).

After positive seroeonversion, reproduc-
tive results for the eight original cows and
two of the calves born in the study were
varied (Table 3). Of' the 24 postscrocon-
version reproductive seasons monitored
for the 10 bison cows, we confirrne(l 11
live calves (confirmation by observation of
calf or evidence of nursing calf at capture).
11 reproductive failures, and two unde-

termined outcomes. Of the reproductive
failures, four were considered abortions
based on a positi\ Te pregnant status in fall
or winter and a negative pregnant test in
spring. One had lost its pregnanc y status
by February, two b y March, and nile by
June. Four other reproductive failures
were not pregnant on one or more
Occasions from October througli May,
and three did not have adequate testing
during normal gestation. but 110 calf was
observed. We f'ouiticl Brucelia culture-
positive vaginal exudate and an involuting
uteri is indicative of a recent abortion
event in one of the March-aborting cows.
Three of the abortions (cows 806. 844, and
848) occurred in the gestation concurrent
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TABLE 3. Heprocliictive results of seroconverting female bison of reprodi ret sr- age.

Ile1siuiliietist 	 rirtiniucs ii gest;itiiis 1' la'llrreIuI ssitli
iii siihse 1 ieit ii

Animal No. 1,C/CBS(" Age SC' I ,C/CASC' Fir's! Seord i'Iurd Fourth Hills

805	 5/5	 9 yr	 1/1	 LC`
806	 1/I	 6 yr	 3/5	 HF (Al))	 Viol	 I
833	 2/3	 8 yr	 1/2	 LC	 t'nd
844	 0/0	 3 yr	 0/4	 RF (Ab)	 HF	 HF (Ab)
848	 2/3	 6 yr	 0/I	 HF (Al))
853	 1/2	 4y,	 0/i	 BF (open)
6691	 0/1	 3 yr	 1/4	 HI"	 1,C1 HF (open)
6820	 1/1	 10 yr	 2/3	 HF (open) LC	 LC
819 (805's calf)	 0/0	 I yr. .5 nio	 2/2	 LCh	 i.0
893 (6752's (all'	 0/0	 2 yr. 5 mo	 1/I	 IC
Totals (%)	 12/16(75)	 11/24 (46)	 4/10	 3/6	 2/4

IC	 l.0

HF

H F

1/3	 1/1

SC	 serocoilsersion: IC	 live calf: CBS(:  —gestations before Sc: (.\SF = grtrtions after (concurrent with or
subsequent to) SC: HF = reproductive failure: Ab = abortion: Und = undetermined: open 	 not pregnant
No. of confirmed LC born per No. of monitored C BSC (live c'alrcs/gestatirrrs brf ire SC).
Age at which SC was first dr'teetr d.
No of confirmed LC born per No. of monitored GASC (fire calri,slgestation after .ser,coni version).
Calf not observed, but tbe're was evidence of ii Irsing calf in October.
No. 669 I was pregnant and seronegative in Fc'bnrarv 1998. was not recaptured May 1998, was seropositive with no
evidence ofcalf in October 1998.
No. 6691 calved late sonriruer and had culture positive vaginal swaIn inn October and February after calving.
Calf No. 819 had multiple congenital anomalies; calf was rut lianized and necropsied, and results were culture negative,
whereas damns milk ss-as culton' positive.

with, or immediately after, seroconversiori
and, in one case (cow 844), again 2 yr
later. Three other recently scroconvertccl
cows had live calves ft)llowing seroeonver-
sion. Another cow (805), captured in late
pregnancy (April), was B. ai)ortus culture-
positive in vaginal exudate, milk, and
feces. The cow was next captured in
October, when it had evidence of a
suckling calf, so was considered to have
given birth to a live calf.

Chi-square statistics indicated no sig-
nificant relationship between gender and
positive seroconversion (1'= 0.54) Our
analysis also showed no relationship be-
tween antibody status of bison COWS and
the tendency of a calf to convert to
serOpositive or remain seropositive during
the duration of the stud y (P= 0.19). There
was a significant (lifference (P0.03) in
the proportion of newborn seropositive
calves born to seronegative dams and
seropositive darns.

DISCUSSION

Serologic, culture, and reproductive
results of this study are consistent with
those observed in previous experimental
infections (Davis, et at.. 1990; Olsen et al.,
2003). Except for animals seroconvertilig
from negative to positive, positive anti-
body titers to B. ahortus were remarkably
stable throughout the study, likely reflect-
ing the long-term persistent nature of
Brucella infection with chronic low to
high levels of antigenic stimulation. JAeex-
pos1i1' of some animals to time orgalmisiti
probably occurred during the study; how-
ever, spikes in positive serologic titers
were not observed. Two adult bison with
suspect or low titers on the first collection
became seronegative (luring the study.

The significant relationship between
Brucella antibody in newborn i)iSOIl and
the cow's aiitibotiv status, coupled with
the loss of antibody by most calves within
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iiio, is an indication of passively trans-
ferred antibodies to the newborns via
colostrum from seropositive dams. This is
Similar to the process in cattle, where most
antibody titers of calves born to seropositive
(Iinns disappear within 2 to 4 too of age with
a few persisting to 6 nio (Winthrop et al.,
1988). These passively transferred antibod-
ies are unlikely to provide any significant
protective benefits later iii life against
infection with B. ahortus in YNP bison.
Calves born to both seronegative clamS and
seroj)ositive dams experienced seroconver-
SiOn and infection during the Stii(ly.

The annual seroconvers jon rate in bison
calves and juveniles less than 3 yr of age
was approximatel y 20%, and in adult
fern-ales, approximately 1.0%. We have
observed curious and precocious behavior
at calving time, especially in young hulls,
and have proposed that behavior as it factor
resulting in increased exposure of juveniles
(libyan, 2000). These high rates of sero-
conversion are significant because conver-
sion to a positive serostati is was clearly
linked with stlmulation and growth of' the
Brucella organism, although the time delay
fhr detecting B. ahortus infection alter
serOCOliversion varied. We obtained posi-
tive culture results most often f'rom
animals that had recently seroconverted
(within 2 yr of seroconversion). Following
seroconversion, B. ahorfus could be isolat-
ed froni blood, milk, or vaginal secretions
from some animals for prolonged periods,
iii one of our bison up to :3 yr. These
findings suggest that recentl y seroeonvert-
ing bison pose the highest risk for trans-
mission and that the window of opportu-
uuitv for bison to shed infective Brucelia
bacteria is long (at least :3 vr). The finding
that one bison (805) shed viable Brucella in
feces during late pregnancy and unrelated
to her own abortion event suggests feces
could he an additional mechanism for
(list ribUti]ig viable Brucella. Shedding of'
B. (1I)ortus in feces of cattle (Fitch et a].,
1.9:32) and bison ( Rutyan et al., 2001) has
been reported previously; however, in
these reports it occurred immediately

following abortion and was attributed to
the clams' ingestion of infected products of
parturition. The shedding of' B. abortu.s' in
her feces before parturition by 1)1500 805
may have resulted from her own infection,
or alternatively, she may have ingested
Parturition products from another infected
bison.

Based on our data and that reported in
the literature from natural and experimen-
tal infections iii l)ison, we propose the
natural course of ' brucellosis in YNP bison
to he the following. The most comition
source of exposure to uloniuifeCte(1 aullinalS,
excluding newborns of infected mothers, is
B. ahorius-i nfecte'd products of parti iriti n
(aborted fetus, live calf, placenta, or vaginal
exudate). The infected vagina of' a nonpreg-
nant cow is a possible, but less likely,
alternative path for infecting  nou tin feeted
animals. Newborns, born to infbctecl moth -
ers, may he infected at birth or through B.
aI)ortus in milk, but surviving calves rarely
show it persistent antibody response before
5 to 6 mo of age. Most calves of seropositive
cows will receive passive antibodies, vliiclu
decline and are usually tinmeasureabie by 5
to 6 1110. These animals are still susceptible
to subsequent infection and seroconversion.

Once exposed it calf or adult animal
may, depending on the close ingested,
become infected, juveniles and adults may
seroconvert at any age. After in f'ection,
male bison experience seminal vesici ilitis
(Williams et al., 1993 Hli yan et al.,1997),
epididyuuntis, and anipiillitis (Williams et
al., 199:3) and, in it ulunoritv of eases,
orcliitis (Creech, 1930 Rliyan et al., 1997),
which may affect fertility. Recentl y infect-
ed, female animals may hare live calves
that survive; bar( , weak, infected, live
calves that subsequently chic; or may
experience abortions. infected seroposi-
tiye cows likely remain seropositive and
infectc'd fbi' it time. Antibody is
not protective, and the likelihood of
sttccessf 'ud bacterial isolation from a sero-
positive cow is directly related to iiiltil)OdlV
levels (Roff'e et al., 1999). In subsequent
years, these chains may have normal
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pregnancies or may experience one or
more reproductive failures, including Bnt-
celia-re] ated abortion, earl y embryonic
death, or Failure to get pregnant. Britcel-
la-related abortions produce ahiindaiit
infectious material, but live births may,
also produce infectious material. Before

and at the time of ahortion, females
experience metritis and retained placentas
(Williams et al., 1993; Rli yan et al., 2001).
Feces front an infected dam in the
pcnparturient period, or feces From a
bison recentl y ingesting iii fective material,

niav contain viable Bntcella organisms but

likel y does not serve its an important
source of exposure to other bison.

Several questions reinon concerning
the epidemiology and pathogenesis of
brucellosis ill 	 The role of the male
and of venereal transmission ill spread
of brucellosis aiiiotig bison is unknown. In
one stlt(1\', Robison and otl rers (1998),
reported the lack of scroconversion in
bison cows bred by one infected bison bull
shedding organisms ill semen. The
possibility of undetected, latent infection
ill young bison exposed as calves also exists
and could be the source of infection for
sonic of the offspring in our study. This

condition occurs in f'requel mtl y in cattl e

(''heifer syndrome") and lislialiv manifests
at sexual maturity; at which time, animals
may abort, shed organisms, and develop
antibodies to B. aliorizis (Wilesi tiith, 1978;

Winthrop. et al., 1988). The cause of sonic
animals' reproductive failures ill
after serocom iversioil needs to be deter-
nuneci. Fuller c't al. (2007) applied multi-
ple logistic regression to data from this
stuitiv and found that brucellosis infectious
reduced birth rates ill two age categories

(3 N7r olds and >3 yr old), and these
effects were pronounced in bison that
seroconverted the same year. Additional

anal yses of data from this stud y and
additional data demonstrated significantly
lower pregnancy rates across all age
classes among scropositive bison as coin-
pared with seronegative bison, suggesting
the disease may play a role in reducing

fecundity ill chronically infected bison
(Cereumna et a]., 2009). Reproductive
failures in years lilloxving seroconversion
cot dcl be due to mid-term or late-term
abortions, early embryonic deaths, or
chronic, low-grade end )mnetritis prevent-
ing implantation and pregnancy.

Regardless of these imnmswered qules-
tions, the preponderance of data indicate
that time epidemtiioiogy and patliogeutesis of
brucellosis in chronicall y infected wild
bison, such as the herd ill is very
similar to that ill chronicall y infected cattle
Manthuei and ( art'r, 1950; Enright,

1990). Differences certainl y exist, such as
the qmtaiititative iminnlie response to
exposure or response to vaccines. These
dif'fbrenc'es are small bitt may have impor-
tant implications for the effectiveness of
vaccines in l)isolI. Our findings out the
epidemiology of brucellosis in bison have
important implications fbr managing the
disease in Free-ranging wildlife. Risk to
noniifec'ted popmmlatiouis of wildlife or
livestock is highest from bison ill
first pregnancy following seroconversiomi.
High antibody-containing aninials pose
the greater risk of' shedding Bruceila.
Despite decades of infection in the YNP
herd, bison remain infected for the long
term, and antibody is not protective. More
work is needed to determine the extent of
subsequent reproductive failures caused
by brucellosis and the risk ku' transmission
they pose. In addition, we need to better
understand the frequency and role of live,
infected calves and those that remain
infected into adulthood and potentially
shied 13 nice/Ia dimrmg reproductive events.
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